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上（孔直径分别为 700 nm，400 nm 和 200 nm）成功构建了 BLMs。电化学 I-V
以及阻抗研究表明，硅基 nano-BLMs 具有高电阻（＞10 GΩ）和长达数天的寿命，
























Cellular membrane is an important component of cell and closely related to 
many life phenomena. Biomimic membranes are self-assembly, dynamic and closely 
similar to cellular membranes, and can be used for fundamental and functional studies 
of cellular membranes at molecular level, which is very difficult to achieve with 
native biomembranes owing to their complexities in components, structures, and 
functions. Extensive studies have been carried out to construct biomimic membranes 
with high stability and robust character. This dissertation focuses on two key issues in 
the field of biomimic membrane studies with emphasis on methodology. The first one 
is how to form free-standing bilayer lipid membranes (BLMs) with high membrane 
resistance and long lifetime. The second one is how to develop in-situ platforms for 
investigation of biomimic membranes under close to physiology environment. 
In this work, four aspects of investigations, including the fabrication of single 
nanopore membrane, nanoporous membrane, free-standing bilayer lipid membrane 
and stability of the membranes, were carried out respectively. We provide cheap and 
easy methods to fabricate glass nanopore as well as silicon-based suspended 
nanoporous Si3N4 membranes, which are used to construct BLMs with higher 
membrane resistance and longer lifetime, characterized by electrochemical and AFM 
methods. For silicon-based membranes, we present a cheap and controllable scheme 
of high volume fabrication of suspended nanoporous Si3N4 membranes with different 
apertures on a Si wafer by combined colloidal lithography and standard Si fabrication 
technology. This is followed by investigation of the aperture-dependent stability of 
BLMs. The main content and achievements are as follows: 
(1) A simple “bench-top” method has been used to fabricate glass nanopore 
(GNP) membranes with single conical-shaped nanopores. Briefly, the fabrication of a 
tungsten disk electrode involved sealing an electrochemically sharpened W microwire 
into a glass capillary, followed by hand polishing the glass using a home-made 















last, complete removal of the W wire by electrochemical etching yielded a GNP 
membrane with pore diameter as small as a few tens of nanometers. Comparing with 
previous methods using Pt wire, W wire is cheaper and can be etched more rapidly 
using innocuous electrolyte. 
(2) The GNP membrane, after hydrophobic silanization, acted as scaffolds for 
free-standing membranes (DPhPC) using “painting” method. The GNP 
membrane/bilayer structures, which exhibit high ohmic sealing resistances, were 
exceptionally stable to mechanical disturbances and had lifetimes of a few weeks. 
Reproducible insertion of the protein ion channels, wild-type α-hemolysin (WTαHL), 
and Gramicidin, was controlled by applying small pressure across the lipid bilayer. In 
the presence of 1.0 M KCl 10 mM PBS buffer pH 7.4, single-channel current of 
WTαHL in nano-BLMs is 30±2 pA at a holding potential of U=-40 mV, while 
single-channel current of Gramicidin is 3±0.2 pA at a holding potential of U=100 mV. 
These results represent an important step to create a biomimetic environment for 
structural and functional studies, and lay basis for the development of 
bio-nanochannel technology. 
(3) We provided a cheap and controllable scheme of fabricating suspended 
nanoporous silicon nitride membranes on a silicon wafer by combined colloidal 
lithography and standard silicon fabrication technology. Polystyrene particles (PS) 
were monodispersed on a Si3N4 membrane based on electrostatic repulsions. This was 
followed by Cr masking, ICP etching and silicon wet-etching processes to form 
200-nm-deep nanopores through suspended nitride membranes. Nanopores with 
diameter ranging from a few hundreds to a few tens of nanometers may be easily 
obtained by varying size of PS particles or the thickness of Cr layer. Comparing with  
conventional fabrication methods employing electron-beam lithography (EBL) or 
focused ion beam lithography (FIB), which are extremely expensive and 
time-consuming, our scheme provides an easy-to-control approach to obtain a large 
domain of monodisperse nanopores.  
(4) Silicon-based nanoporous membranes provide a suitable basis for constructing 















surface properties, very high stability, controllable nanopore diameter and channel 
length, which enable fundamental and functional study of cellular membranes. We 
successfully deposited a lipid bilayer by painting on suspended nanoporous Si3N4 
membranes bearing pores with sizes of 700, 400, and 200 nm in diameter. Higher 
membrane resistance (＞10 GΩ) and longer lifetime of the lipid bilayer spanning over 
the nanopores was shown by electrochemical characterization. The nano-BLMs can 
separate aqueous solutions into two chambers and be easily found by AFM because of 
easy location of the nanoporous substrates. We designed a two-chamber AFM setup 
that allowed investigation of BLMs spanning over the nanopores. Topographic images 
obtained by AFM showed deeper indentation with larger force load. Furthermore, the 
mechanical stability and elasticity of the lipid film over the pores increases with 
decrease of pore diameters. 
 
Keywords: Glass nanopore membrane; Free-standing bilayer lipid membranes 
(BLMs); Suspended nanoporous silicon nitride membrane; Ion channel proteins; 

















































在 1962 年，Rudin 和他的合作者[3]在水相中首次组装出非支撑平板双层磷脂
膜（free-standing bilayer lipid membranes，简称 BLMs）。BLMs 两侧是溶液体相，
很好的模拟了细胞膜内外两室的生存环境，但是这种 BLMs 稳定性较差。在此基
础上，Tien 等人[4, 5]在八十年代末制备出操作较简便且稳定性较好的介质支撑平
板双层磷脂膜（supported bilayer lipid membranes，简称 s-BLMs）和水凝胶上的
类脂双层膜（sb –BLM），且被广泛用于机械、生物免疫、生物能、医药、传感
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